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(57) ABSTRACT

To provide an image reconstruction device capable of creat-
ing an image with image quality matching the operator’s
request when a cross-sectional image is reconstructed
through a repeated calculation, the image reconstruction
device which performs a repeated calculation on the basis of
a difference between calculated projection data and measured
projection data, the calculated projection data being obtained
by performing a forward projection calculation on a recon-
structed image which is reconstructed based on the measured
projection data, includes an input section to which an image
quality parameter which is considered to be important by an
operator is input, a weight calculation section that calculates
a weighting coefficient on the basis of the image quality
parameter, and a repeated calculation section that performs a
repeated calculation on the basis of a value obtained by
weighting and adding a pixel value obtained in the previous
iteration to a pixel value obtained from now using the weight-
ing coefficient.

9 Claims, 6 Drawing Sheets
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IMAGE RECONSTRUCTION DEVICE AND
IMAGE RECONSTRUCTION METHOD
CONFIGURED TO PERFORM ITERATIVELY
RECONSTRUCTED IMAGE USING WEIGHT
COEFFICIENT

TECHNICAL FIELD

The present invention relates to an image reconstruction
device and an image reconstruction method capable of recon-
structing a cross-sectional image through a repeated calcula-
tion on the basis of measured projection data which is
acquired by an X-ray CT (Computed Tomography) device,
and particularly to a technique of improving image quality
while maintaining the features of an initial image.

BACKGROUND ART

An X-ray CT apparatus reconstructs a cross-sectional
image on the basis of measured projection data from various
angles which are acquired by irradiating X rays from sur-
roundings of an object, thereby displaying a cross-sectional
image. A method of reconstructing a cross-sectional image
based on the measured projection data is roughly classified
into an analysis method and an iterative method. The analysis
method is a method of analytically producing an image on the
basis of the cut surface projection theorem, and is often
employed in X-ray CT apparatuses since a cross-sectional
image can be reconstructed from measured projection data
with a small calculation amount.

The iterative method is a method of estimating a cross-
sectional image through a repeated calculation on the basis of
a model which is obtained by mathematically modeling an
observation system for acquiring measured projection data or
by statistically modeling fluctuation or the like in an amount
of X rays included in the measured projection data. The
iterative method is accompanied by repeated calculations and
thus causes a calculation amount to be more than the analysis
method, but can reduce or, artifact which comes from the
analysis method, for example, a cone beam artifact, or quan-
tum noise which comes from fluctuation in an amount of X
rays.

The X-ray CT apparatus is widely used in medical sites as
one of image diagnosis, but there are concerns about exposure
to X rays. Particularly, in recent years, the attention to radia-
tion exposure has been increased. For this reason, from the
viewpoint of reduction in radiation exposure, the iterative
method has attracted attention. The iterative method can
reduce quantum noise even in measured projection data
which is obtained with a low amount of rays. With the recent
high performance of computers, the iterative method has been
considered to be employed therein. For example, PTL 1 dis-
closes an image processing apparatus which iteratively per-
forms repeated calculations until an image measurement
value within a region set on a cross-sectional image which is
reconstructed using the analysis method reaches a desired
value.

CITATION LIST

Patent Literature

[PTL 1] JP-A-2006-25868

[PTL 2] JP-A-2004-188163

Non Patent Literature

[NPL 1]H. Erdoganet. al., “Ordered subsets algorithms for
transmission tomography,” Phys. Med. Biol., Vol. 44, pp.
2835 to 2851, 1999
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[NPL 2] K. Lange and J. Feeder, “Globally Convergent
Algorithms for Maximum a Posteriori Transmission Tomog-
raphy,” IEEE. Trans. Image. Proc., Vol. 4, No. 10, pp. 1430 to
1438, October 1995

SUMMARY OF INVENTION
Technical Problem

However, even if the repeated calculation is iteratively
performed multiple times, there are cases where an image
with image quality different from that requested by an opera-
tor is produced. For example, even if an image of which the
quantum noise is sufficiently smoothed is produced, there are
cases where an artifact caused by a motion of an object is
emphasized or a boundary between organs is unclear.

Therefore, an object of the present invention is to provide
an image reconstruction device capable of creating an image
with image quality matching an operator’s request when a
cross-sectional image is reconstructed through a repeated
calculation.

Solution to Problem

In order to achieve the above object, according to the
present invention, there are provided an image reconstruction
device and an image reconstruction method capable of gen-
erating an iteratively reconstructed image by performing a
repeated calculation on the basis of a value obtained by
weighting and adding a pixel value obtained in the previous
iteration to a pixel value obtained from now, using a weight-
ing coefficient set based on an image quality parameter which
is considered to be important by an operator.

Advantageous Effects of Invention

According to the present invention, it is possible to provide
an image reconstruction device capable of creating an image
with image quality matching an operator’s request when a
cross-sectional image is reconstructed through a repeated
calculation.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an overall configu-
ration of an X-ray CT apparatus 1.

FIG. 2 is a diagram illustrating a flow of processes per-
formed by an image reconstruction device.

FIG. 3 is a diagram illustrating an example of a screen used
in Step 202.

FIG. 4 is a diagram illustrating a first example of a flow of
processes in Step 203.

FIG. 5 is a diagram illustrating an example of a view
direction weight.

FIG. 6 is a diagram illustrating a second example of a flow
of'the process in Step 203.

DESCRIPTION OF EMBODIMENTS

According to an aspect of the present invention, there is
provided an image reconstruction device which generates an
iteratively reconstructed image by performing a repeated cal-
culation on the basis of a difference between calculated pro-
jection data and measured projection data, the calculated
projection data being obtained by performing a forward pro-
jection calculation on a reconstructed image which is recon-
structed based on the measured projection data, the image
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reconstruction device including an acquisition section that
acquires an image quality parameter which is considered to
be important by an operator; a weight calculation section that
calculates a weighting coefficient on the basis of the image
quality parameter; and a repeated calculation section that
performs a repeated calculation on the basis of a value
obtained by weighting and adding a pixel value obtained in
the previous iteration to a pixel value obtained from now
using the weighting coefficient.

In addition, according to another aspect of the present
invention, there is provided an image reconstruction method
of generating an iteratively reconstructed image by perform-
ing a repeated calculation on the basis of a difference between
calculated projection data and measured projection data, the
calculated projection data being obtained by performing a
forward projection calculation on a reconstructed image
which is reconstructed based on the measured projection data,
the image reconstruction method including acquisition of an
image quality parameter which is considered to be important
by an operator; weight calculation of calculating a weighting
coefficient on the basis of the image quality parameter; and
repeated calculation of performing a repeated calculation on
the basis of a value obtained by weighting and adding a pixel
value in the previous iteration to a pixel value in a current
iteration using the weighting coefficient.

Hereinafter, a preferred embodiment of an image recon-
struction device and an image reconstruction method accord-
ing to the present invention will be described with reference to
the accompanying drawings. In addition, in the following
description and the accompanying drawings, constituent ele-
ments with the same function configuration are given the
same reference numeral, and repeated description thereof
will be omitted.

FIG. 1 is a block diagram illustrating an overall configu-
ration of an X-ray CT apparatus used to acquire measured
projection data. As illustrated in FIG. 1, an X-ray CT appa-
ratus 1 includes a scan gantry unit 100 and an operation unit
120. In addition, in a coordinate system, as illustrated in the
lower left part of FIG. 1, the horizontal direction is set as an X
coordinate, the vertical direction set as a y coordinate, and the
direction perpendicular to a plane of FIG. 1 is set as a z
direction.

The scan gantry unit 100 includes an X-ray tube device
101, a rotating disk 102, a collimator 103, an X-ray detector
106, a data collection device 107, a bed device 105, a gantry
control device 108, a bed control device 109, and an X-ray
control device 110. The X-ray tube device 101 is a device
which irradiates an object placed on the bed device 105 with
X rays. The collimator 103 is a device which restricts an
irradiation range of X rays applied from the X-ray tube device
101. The rotating disk 102 includes an opening 104 which the
object placed on the bed device 105 enters, has the X-ray tube
device 101 and the X-ray detector 106 mounted therein, and
rotates around the object. The X-ray detector 106 is a device
which is disposed so as to be opposed to the X-ray tube device
101 and measures a spatial distribution of transmitted X rays
by detecting the X rays transmitted through the object, and in
which a plurality of detection elements are arranged in a
two-dimensional manner in a rotation direction and a rotation
axis direction of the rotating disk 102. The detection elements
arranged in the rotation direction of the rotating disk 102 may
be referred to as detection elements in a channel direction,
and the detection elements arranged in the rotation axis direc-
tion may be referred to as detection elements in a slice direc-
tion. The data collection device 107 is a device which collects
an X-ray amount detected by the X-ray detector 106 as digital
data. The gantry control device 108 is a device which controls
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a rotation and a tilt of the rotating disk 102. The bed control
device 109 is a device which controls vertical, front-back, and
horizontal movements of the bed device 105. The X-ray con-
trol device 110 is a device which controls power input to the
X-ray tube device 101.

The operation unit 120 includes an input device 121, an
image processing device 122, a display device 125, a storage
device 123, and a system control device 124. The input device
121 is a device for inputting the name of an object, the exami-
nation date and time, scanning conditions, and the like, and is,
specifically, a keyboard, a pointing device, or the like. The
image processing device 122 is a device which performs
arithmetic processing on measured projection data sent from
the data collection device 107, so as to reconstruct a cross-
sectional image. The display device 125 is a device which
displays a cross-sectional image created by the image pro-
cessing device 122, and is, specifically, a CRT (Cathode-Ray
Tube), a liquid crystal display, or the like. The storage device
123 is a device which stores data collected by the data col-
lection device 107, image data of a cross-sectional image
created by the image processing device 122, and the like, and
is, specifically, a HDD (Hard Disk Drive). The system control
device 124 is a device which controls the above devices, the
gantry control device 108, the bed control device 109, and the
X-ray control device 110. In addition, the system control
device 124 may communicate with an external device via a
network adaptor and a network (not illustrated).

The X-ray control device 110 controls power input to the
X-ray tube device 101 on the basis of a scanning condition
input from the input device 121, particularly, an X-ray tube
voltage, an X-ray tube current, or the like, so that the X-ray
tube device 101 irradiates an object with X rays correspond-
ing to the scanning condition. The X-ray detector 106 detects
X rays which are applied from the X-ray tube device 101 and
are transmitted through the object with a plurality of X-ray
detection elements, so as to measure a distribution of the
transmitted X rays. The rotating disk 102 is controlled by the
gantry control device 108, and rotates based on a scanning
condition input from the input device 121, particularly, a
rotation speed or the like. The bed device 105 is controlled by
the bed control device 109, and operates based on a scanning
condition input from the input device 121, particularly, a
helical pitch or the like.

The X-ray irradiation from the X-ray tube device 101 and
the measurement of the transmitted X-ray distribution by the
X-ray detector 106 are iteratively performed along with the
rotation of the rotating disk 102, and thus measured projec-
tion data from various angles is acquired. The measured pro-
jection data is acquired at discrete positions in the rotation
direction of the rotating disk 102, and the acquisition unit of
the measured projection data at each position is referred to as
a “view”. The measured projection data for each view is
transmitted to the image processing device 122. The image
processing device 122 reconstructs a cross-sectional image in
the analysis method on the basis of the transmitted measured
projection data. The reconstructed cross-sectional image is
displayed on the display device 125.

The cross-sectional image reconstructed in the analysis
method includes an artifact which comes from the analysis
method, for example, a cone beam artifact, quantum noise
which comes from fluctuation in an amount of X rays, or the
like. The image reconstruction device according to the
present invention creates a cross-sectional image with the
reduced cone beam artifact or quantum noise and image qual-
ity matching an operator’s request through a flow of processes
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described later. The processes may be performed by the sys-
tem control device 124 or may be performed by the image
processing device 122.

A flow of processes performed by the image reconstruction
device of the present invention is executed after measured
projection data is acquired. Therefore, the image reconstruc-
tion device of the present invention may be the image pro-
cessing device 122 which is included in the X-ray CT appa-
ratus 1, or may be a general purpose computer which is not
included in the X-ray CT apparatus 1. In addition, an input
device, a display device, and a storage device included in the
image reconstruction device of the present invention may be
the input device 121, the display device 125, and the storage
device 123 included in the X-ray CT apparatus 1, may be
respective devices included in the general purpose computer,
or may be external devices. Hereinafter, the image processing
device 122 will be described as an image reconstruction
device of the present invention, and the input device 121, the
display device 125, and the storage device 123 will be
described as an input device, a display device, and a storage
device included in the image reconstruction device.

FIG. 2 illustrates a flow of processes performed by the
image reconstruction device of the present invention. Here-
inafter, each step of FIG. 2 will be described in detail.

(Step 200)

The image processing device 122 acquires measured pro-
jection data. The acquired measured projection data may be
data which is measured in the scan gantry unit 100, or may be
data stored in the storage device 123.

(Step 201)

The image processing device 122 performs arithmetic pro-
cessing on the measured projection data acquired in Step 200
in the analysis method so as to reconstruct a cross-sectional
image. The reconstructed cross-sectional image is displayed
on the display device 125.

(Step 202)

The image processing device 122 acquires an image qual-
ity parameter which is considered to be important by an
operatotr.

For example, a screen 300 illustrated in FIG. 3 may be used
to acquire the image quality parameter which is considered to
be important. The screen 300 is displayed on the display
device 125, and includes a cross-sectional image display por-
tion 301 and an image quality parameter setting portion 302.
The cross-sectional image display portion 301 displays the
cross-sectional image reconstructed in Step 201. The kind of
image quality parameter which can be selected by the opera-
tor is displayed in the image quality parameter setting portion
302. In the example of FIG. 3, a motion artifact reduction and
a region boundary emphasis are displayed as the image qual-
ity parameter. Naturally, other image quality parameters may
also be displayed.

The operator selects an image quality parameter which is
considered to be important, of the ones displayed in the image
quality parameter setting portion 302, by using the input
device 121. When the image quality parameter is selected, a
cross-sectional image displayed on the cross-sectional image
display portion 301 may be referred to. Specifically, if the
operator views a cross-sectional image displayed on the
cross-sectional image display portion 301 and considers that
a motion artifact is not desired to be emphasized, the operator
may select the motion artifact reduction. If the operator con-
siders that a boundary between regions is desired to be clear,
the operator may select the region boundary emphasis.

In addition, an image quality parameter which is consid-
ered to be important by an operator may be set in advance for
each device. In a case where an image quality parameter
which is considered to be important is set in advance, the
screen 300 may not be displayed.
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(Step 203)

The image processing device 122 calculates a weighting
coefficient on the basis of the image quality parameter
acquired in Step 202.

FIG. 4 illustrates a flow of processes in this step when the
motion artifact reduction is acquired in Step 202. Hereinafter,
each step of FIG. 4 will be described in detail.

(Step 400)

The image processing device 122 specifies views which are
transmitted through a target pixel in the cross-sectional
image. The views transmitted through the target pixel are
discretely present over a range of 360 degrees on the x-y
plane.

(Step 401)

The image processing device 122 calculates positions on
the z axis of opposing views on the x-y plane. The opposing
views on the x-y plane have X-ray transmission paths which
overlap each other, and thus measured projection data thereof
has high correlation.

With reference to FIG. 5, positions on the 7 axis of oppos-
ing views on the x-y plane will be described. When the X-ray
tube device 101 draws a helical trajectory with respect to an
object, and measured projection data is acquired, opposing
views on the x-y plane have different positions on the 7 axis,
among views transmitted through the target pixel. For
example, positions on the z axis of views which are transmit-
ted through a target pixel of FIG. 5 and oppose each other are
71 and 72. The position on the z axis of the opposing views on
the x-y plane may be calculated using a coordinate of the
target pixel on the x-y plane, a helical pitch, a pitch of the
detector elements, and the like.

(Step 402)

The image processing device 122 calculates weighting
coefficients based on the z positions of the opposing views.

Any coefficients may be used as weighting coefficients of
opposing views so long as a sum of both is a constant value.
For example, weighting coefficients as disclosed in PTL 1
may be used.

In PTL 2, a position on the z axis where a target pixel is
located is set as a central view, and a weighting coefficient is
set based on a distance on the z axis from the central view to
a corresponding view. In addition, a weighting coefficient is
made 0 in a range of exceeding a predetermined number of
views from the central view. In the example of FIG. 5, since 71
is closer to the central view than z2, a weighting coefficient of
the view corresponding to 71 is set to be greater than a weight-
ing coefficient of the view corresponding to z2.

As above, by using a weighting coefficient which is set
based on adistance from a position on the z axis where a target
pixel is located, a view having a smaller difference in time
points when measured projection data is acquired is consid-
ered to be more important. In other words, it is possible to
reduce a motion artifact by using the weighting coefficient.

(Step 204)

The image processing device 122 creates a cross-sectional
image again through the repeated calculation.

Hereinafter, this step will be described in detail.

First, an evaluation function is set.

The iterative method is a method in which an evaluation
index of an image is set in advance, and the image is itera-
tively updated so that an evaluation value obtained by digi-
talizing the evaluation index reaches a maximal value or a
minimal value. As the evaluation index, contradiction
between data obtained through a forward projection process
on an image on the basis of a mathematical model which
mathematically models an observation system for acquiring
measured projection data and the measured projection data,
probability likelihood, or the like is used. A function for
calculating an evaluation value is called an evaluation func-
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tion, and several evaluation functions are proposed by various
documents. Hereinafter, an example of an evaluation function
will be described.

NPL 1 proposes an iterative method of using a weighted
square error function with penalty as an evaluation function,
and the evaluation function may be expressed by the follow-
ing equation.

[Expression 1]

! 2
d !
Lixy, ... ,x5)= 5 yi_zaijxj +PR(X1, .o 5 X))

= =1

Here, x,, . .. and x;, . .. indicate x ;pixel values of an image,
Vi .-, ¥ - .. and y,indicate measured projection data, and
d,,...,d, ...andd;indicate detector output weights. In

addition, c; indicates an element of a matrix which correlates
a j-th pixel with i-th projection data, and this matrix indicates
characteristics of a scanning system via the above-described
mathematical model and is thus called a system matrix.

In addition,

J

E ajx;

J=1

is the above-described forward projection data, and is a value
obtained by converting the image of x,, . .., X;, . .. and x ;into
projection data on the basis of the system matrix. R(x,,x;, . ..
and x) is a penalty term, and [} is a penalty term weight for
determining the smoothness of an image.

In addition, a case where a penalty term is not included in
an evaluation function may also be treated in the same man-
ner, and the evaluation function of the following equation is
called a weighted square error function.

! d J 2 [Expression 2]
Lixy, .. %)= E j[y;— a;jxj]
=

i=1

Further, NPL 2 proposes an iterative method of using a
posteriori function as an evaluation function, and the evalua-
tion function may be expressed by the following equation

Lxi, ... ,x5)= [Expression 3]

! J S e
- E d;Za;jxj+dTe J=UV | BR(Xy, e 5 Xg)

el B

Here, d yindicates the number of photons irradiated from an
X-ray tube. In addition, an evaluation function which
excludes the penalty term weight in Expression 3 is called a
likelihood function which may be expressed by the following
equation.

[Expressoin 4]

/
J SV
Lxi, ... ,x))=~— E [d;Za;jxj+dTe ijlang

el B

The above four kinds of evaluation functions allow an
iterative method to take into consideration a statistical prop-
erty of projection data, and an iterative method of using these
evaluation functions is called a statistical iterative method.

Any evaluation function may be used in the present inven-
tion. Hereinafter, a description will be made using the
weighted square error function with penalty of Expression 1.
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Next, forward projection data is replaced.

If the evaluation function is to be used, in the course of the
repeated calculation, a forward projection process is required
to be performed using a cross-sectional image at that time.
For example, the repeated calculation is performed using
Expression 1, and thus a cross-sectional image in which quan-
tum noise is smoothed can be created based on the measured
projection data and the detector output weight.

However, there are cases where an artifact caused by a
motion of an object is emphasized or a boundary between
organs is unclear just by performing the repeated calculation.

Therefore, in the present invention, the forward projection
data is replaced with the following expression.

J [Expression 5]

J
Z agx; - Z ag{wyx; + (1 - w;j)x}")}

J=1 J=1

Here, w, indicates a weighting coefficient of a j-th pixel for
i-th projection data, and xj(") indicates an j-th pixel value in an
n-th iterative image in iterative update. In Expression 5, the
pixel value x; which is an estimation variable is combined
with the pixel value xj(") of a recent image in the iterative
update by a view direction weight. At this time, combination
coefficients of both are set to become 1 when added together.

The forward projection data is replaced in this way, and
thus the repeated calculation can be performed while a pixel
value obtained in the previous iteration is taken over to a pixel
value obtained from now. Accordingly, since a pixel value in
the previous iteration is taken over at all times, it is possible to
maintain a feature of a cross-sectional image reconstructed in
the analysis method, that is, a small motion artifact or a clear
region boundary. An extent in which a pixel value in the
previous iteration is taken over is determined by the magni-
tude of a weighting coefficient calculated in Step 203.

The image processing device 122 performs the repeated
calculation by using an updated expression which is created
based on the setting of the evaluation function and the
replacement of the forward projection data.

Expression 1 is replaced with the following expression
using Expression 5.

Lixy, ... ,x)= [Expression 6]

! 2
4 J .
Zi[yi_Zaij{Wij+(1_WU)x})} +

=1 =1

ﬁR(xl, PN XJ)
Similarly, Expression 3 may be replaced with the following
expression.

Lixy, ... [Expression 7]

X)) =
!
4 N L m
- 3 y;—Za;J-{w;J-xj+( —wyx h+
=1

i=1 /

J
dre 21 (1o )

Hereinafter, a description will be made of a procedure in
which an update expression is derived from the evaluation
function of Expression 6, and iterative update is performed.

A description will be made of a case where Separable
Paraboloidal Surrogate (SPS) proposed in NPL 1 is applied to



US 9,159,146 B2

9

the evaluation function of Expression 6 generated in the
present invention. SPS can independently update each pixel,
and thus has an advantage in that parallel calculation is
simple.

First, SPS is applied to Expression 6 so as to obtain the
following expression.

Lixy, ... ,x5)= [Expression 8]

J
d;oz;j
/ . |V

2

J
Wi ) ()
-— i -x; )—Za;kxk +
@ k=1

ﬁR(xl, ey XJ)

Here, o, is a coeflicient of a convex combination, and may
be expressed by the following expression.

[Expression 9]

~
Il

Further, the Newton method is applied to Expression 9, and
thus an update expression of SPS becomes the following
expression.

BL(xl,...

dx;

(n) i
T+

S R I,

Bx%

[Expression 10]

x}nﬂ) _

Here, the following expressions are given.

OL(xy, ... ,xy) [Expression 11]
R W
! J
OR(x(, ... ,Xy)
diagwil yi — ) au +ﬁT
— =1 X
=)
P L(xy, ... X)) [Expression 12]
ax3 =

In addition, y of Expression 10 is a relaxation coefficient
for adjusting an update step width, and is a parameter for
stabilizing convergence and adjusting an update speed. y may
be determined empirically, and may be calculated in a method
disclosed in, for example, PTL 3.

Expressions 10, 11 and 12 are update expressions, and the
repeated calculation is performed as follows based on the
update expressions.

First, the first term of Expression 12 is calculated. This
term is a constant, and thus may be calculated once in
advance. Next, the second term of Expression 12, and Expres-
sion 11 are calculated. Subsequently, the cross-sectional
image is updated based on Expression 10, and the calculation
is iteratively performed until a preset convergence condition,
for example, the number of iterative updates is satisfied.
When the preset convergence condition is satisfied, the
repeated calculation stops.
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Although a derivation example of an update expression
using SPS has been described here, the evaluation functions
according to the present invention may be combined with all
of the well-known numerical analysis methods, and may
employ, for example, Iterative Coordinate Descent (ICD).

(Step 205)

The image processing device 122 displays the cross-sec-
tional image having undergone the repeated calculation in
Step 204 on the display device 125.

The image reconstruction device of the present invention
executes the above-described flow of the processes, and thus
it is possible to produce an image in which quantum noise is
sufficiently smoothed while matching an operator’s request,
particularly, motion artifact reduction.

Next, a second example of a flow of processes in Step 203
will be described.

FIG. 6 illustrates a flow of processes in Step 203 in a case
where the region boundary emphasis is acquired in Step 202.
Hereinafter, each step of FIG. 6 will be described in detail.

(Step 600)

The image processing device 122 performs a process of
emphasizing a region boundary within the cross-sectional
image reconstructed in Step 201. For example, a well-known
edge emphasis process is performed on the cross-sectional
image. For each pixel in the cross-sectional image having
undergone the edge emphasis process, a numerical value
indicating whether or not the pixel corresponds to the region
boundary is given. If a difference between a pixel value of a
peripheral pixel and a pixel value of the corresponding pixel
is large, a degree as the region boundary is high, and if the
difference is small, a degree as the region boundary is low.

(Step 601)

The image processing device 122 calculates a weighting
coefficient of each pixel based on the degree as the region
boundarydigitalized in Step 600. In other words, if the degree
as the region boundary is high, the weighting coefficient also
increases, and if the degree as the region boundary is low, the
weighting coefficient also decreases.

The weighting coefficients calculated in this step is used in
Step 204. Consequently, the repeated calculation is per-
formed in succession to a feature of the region boundary of
the cross-sectional image reconstructed in Step 201, and thus
it is possible to produce the cross-sectional image in which
quantum noise is sufficiently smoothed while maintaining a
state in which a boundary between organs is clear.

As above, although the embodiment of the present inven-
tion will be described, the present invention is not limited to
this embodiment.

REFERENCE SIGNS LIST

1 X-ray CT apparatus

100 Scan gantry unit

101 X-ray tube device

102 Rotating disk

103 Collimator

104 Opening

105 Bed device

106 X-ray detector

107 Data collection device
108 Gantry control device
109 Bed control device
110 X-ray control device
120 Operation unit

121 Input device

122 Image processing device
123 Storage device
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124 System control device

125 Display device

The invention claimed is:

1. An image reconstruction device which generates an
iteratively reconstructed image by performing a repeated cal-
culation on the basis of a difference between calculated pro-
jection data and measured projection data, the calculated
projection data being obtained by performing a forward pro-
jection calculation on a reconstructed image which is recon-
structed based on the measured projection data, the image
reconstruction device comprising:

an input section to which an image quality parameter
which is considered to be important by an operator is
input;

a weight calculation section that calculates a weighting
coefficient on the basis of the image quality parameter;
and

a repeated calculation section that performs a repeated
calculation on the basis of a value obtained by weighted
addition of a pixel value obtained in the previous itera-
tion and a pixel value obtained from now using the
weighting coefficient.

2. The image reconstruction device according to claim 1,

wherein at least one of motion artifact reduction and region
boundary emphasis is input to the input section as the
image quality parameter.

3. The image reconstruction device according to claim 2,

wherein the weight calculation section calculates a view
direction weight which is determined based on a dis-
tance perpendicular to the reconstructed image as a
weighting coefficient when the motion artifact reduction
is input as the image quality parameter.

4. The image reconstruction device according to claim 3,

wherein the view direction weight is determined based on
a distance from a view which is transmitted through a
target pixel on the reconstructed image to the recon-
structed image.

5. The image reconstruction device according to claim 2,

wherein the weight calculation unit calculates a degree of a
region boundary in the reconstructed image when the
region boundary emphasis is input as the image quality
parameter, and calculates a weighting coefficient based
on the degree.

6. The image reconstruction device according to claim 5,

wherein the degree of the region boundary is calculated
using an image obtained by performing an edge empha-
sis process on the reconstructed image.
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7. An image reconstruction method of generating an itera-
tively reconstructed image by performing a repeated calcula-
tion on the basis of a difference between calculated projection
data and measured projection data, the calculated projection
data being obtained by performing a forward projection cal-
culation on a reconstructed image which is reconstructed
based on the measured projection data, the image reconstruc-
tion method comprising:

acquisition of acquiring an image quality parameter which

is considered to be important by an operator;

weight calculation of calculating a weighting coefficient

on the basis of the image quality parameter; and

repeated calculation of performing a repeated calculation
on the basis of a value obtained by weighted addition of
a pixel value obtained in the previous iteration and a
pixel value in a current iteration using the weighting
coefficient.

8. The image reconstruction method according to claim 7,
wherein the repeated calculation is as follows:

J J

Z aijx; - Z a{wyx; + (1 — w;j)x(j")}

J=1 J=1

where a.;; is a coefficient value to correlate a j-th pixel with
an i-th projection data, x; is a current value of the j-th
pixel, w,; indicates a weighting coefficient of the j-th
pixel for the i-th projection data, and xj(") is a j-th pixel
value in an n-th iterative image in iterative update.

9. The image reconstruction device according to claim 1,

wherein the repeated calculation is as follows:

J
> Z a{wyx; + (1 — w;j)x(j")}
=

J

J=1

where a.;; is a coefficient value to correlate a j-th pixel with
an i-th projection data, x; is a current value of the j-th
pixel, w,; indicates a weighting coefficient of the j-th
pixel for the i-th projection data, and xj(") is a j-th pixel
value in an n-th iterative image in iterative update.

#* #* #* #* #*
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